This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



GLOBAL R&D IS 



OCT. 1,2003 2:46PM CTrGLOBAL R&D IS ~ .NO. 7600 P. 3 



Glover, et al. 

Serial No. 10/007,272 

Atty Docket PU3126US2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
BEFORE THE BOARD OF PATENT APPEALS AND INTERFERENCES 

In re Patent Application of 

Glover, et al. Atty. Ref.: PU3219US2 

Serial No.: 10/007,272 Group: 1624 

Filed: 29 Oct 2001 Examiner: Crane 

For: Novel Crystalline Forms of an Antiviral Benzimidazole Compound 



September 19, 2003 

Director of U.S. Patent and Trademark Office 
P.O. Box 1450 

Alexandria, VA 22313-1450 

APPEAL BRIEF 

Applicants hereby appeal the Final Rejection mailed 1 1 August 2003. 

Real Party In Interest 
The real party in interest is Smith Kline Beecham Corp. dba GlaxoSmith Kline. 

Related Appeals And Interferences 
The applicants/appellants, the undersigned, and the assignees are not aware of any 
related appeals or interferences that will directly affect or be directly affected by or have 
a bearing on the Board's decision in this appeal. 

Status Of Claims 

Claims 11, 14 and 16-21 are pending in the application. No claims are allowed. Claims 
11,14and 16-21 have been finally rejected and are the subject of this appeal. Acopyof 
the pending claims is provided in the attached Appendix A. 
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Status Of Amendments 
No amendments were filed after the mailing of the final Office Action. 



Summary Of Invention 



The invention relates to novel crystalline forms of antiviral benrimidazole compounds, 
pharmaceutical compositions comprising the novel crystalline forms of the compounds 
and methods of treating a herpes virus by administering the novel crystalline form of the 
compounds. 



1. Whether claims reciting a pharmaceutical composition comprising a novel crystalline 
form of a compound and claims reciting a method of treating a herpesvirus by 
administering a novel crystalline form of a compound are anticipated under 35 U.S.C 
section 102(e) by U.S. Patent No. 6.077,832 disclosing the amorphous (i.e., non- 
crystalline) form of the compound, pharmaceutical compositions comprising the 
amorphous form of the compound and methods for treating a herpes virus by 
administering the amorphous form of the compound. 

Grouping Of Claims 

Although each claim defines a separate invention, all appealed claims may be considered 
together for purposes of this appeal. 



The Rnal Office Action rejects claims 1 1, 14 and 16-21 under 35 U.S.C. § 102(e), stating 
that the claims are anticipated by U.S. Patent No. 6,077,832. More specifically, the Office 
Action states that: 

"[t]he particular crystal structure, mixture of crystal structures or absence of 
crystal structure of the active ingredient is deemed to be irrelevant to : the 
pharmaceutical efficacy thereof because the pharmaceutical activity of the active 
ingredient is a function of the molecular structure adsorbed by the cells contacted 
by the composition and/or the crystal structure is destroyed by dissolution of the 



issue 



Argument 
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crystalline solid by the pharmaceutical^ acceptable carrier." Final Rejection page 
3. 

Applicants respectfully traverse this rejection and request reversal on the following 
grounds. 

Applicants do not dispute that the '832 patent qualifies as prior art under section 102(e). 
Applicants do dispute that the '832 patent anticipates the pending claims. More 
specifically, Applicants dispute that the J 832 patent teaches every element of the pending 
claims. 

To anticipate a claim, the reference must teach every element of the claim. Verdegall 
Bros. v. Union Oil Co. of California, 814 F.2d 628, 2 USPQ2d 1051 (Fed. Cir. 1987) and 
MPEP 2131. The identical invention must be shown in as complete detail as is contained 
in the ... claim/ 1 Richardson v. Suzuki Motor Co., 868 F.2d 1226, 9 U5PQ2d 1913 (Fed. Cir. 
1989). It is not proper for the Examiner to ignore elements of the Applicants' claim in 
order to find anticipation. 

Applicants acknowledge that the '832 patent discloses the amorphous form of the 
compound 5,6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-lH-benzimidazole. 
Applicants further acknowledge that the '832 patent discloses pharmaceutical 
compositions comprising this compound in amorphous form and methods for the 
treatment of a herpes virus comprising the administration of this compound in 
amorphous form. 

Applicants' claimed invention differs from the disclosure of the '832 patent in that 
Applicants' claims specifically recite a "crystalline form " of the compound. The rejection 
improperly ignores this element of the claims. Further, the specifically recited crystalline 
forms of the compound are neither disclosed nor suggested by the '832 patent and 
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accordingly, the '832 patent does not disclose every element of the instantly pending 
claims, nor does It disclose the identical invention. 

There can be no dispute that the '832 patent does not disclose or suggest the specifically 
recited crystalline forms of the compound, because claims directed toward the same 
specific crystalline forms have granted in parent Patent No. 6,469,160. A copy of the "160 
patent is provided at Appendix B. Thus it is clear that the crystalline forms recited In the 
instantly pending claims are novel and non-obvious over the disclosure of the amorphous 
form of the compound disclosed in the '832 patent 

Given that the novelty of the crystalline forms of the compound have been established 
and acknowledged by the PTO. Applicants are unable to understand how the Examiner 
can argue that compositions comprising these same admittedly novel crystalline forms of 
the compound and methods of treatment using these same admittedly novel crystalline 
forms of the compound are nevertheless anticipated. Such argument has no basis in law 
or logic. The pending pharmaceutical composition and method of treatment claims recite 
the same limitations of crystal form as the granted claims. Because the crystalline forms 
of the compound are novel, compositions and methods of treatment comprising the same 
novel crystalline forms of the compound are necessarily novel as well. 

The Examiner's argument in favor of anticipation states: 

" while the instant claims are not identical with the prior art disclosure, they are 
effectively anticipated because the alleged basis for distinction over the prior art, 
the specific crystalline form of the active ingredient, has no effect whatsoever on 
the inherent biological activity of the molecules of the active ingredient." Final 
rejection page 4 (emphasis added). 

This is not the standard for anticipation under section 102. As noted above, anticipation 
under section 102 requires that all of the claim elements be recited in the prior art The 
Examiner's own admission that the claims differ from the prior art is sufficient to defeat 
the anticipation rejection. That the biological activity of the recited crystalline forms of 
the compound is no different from the biological activity of the amorphous form of the 
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compound is wholly irrelevant to the question of anticipation. Applicants are not 
claiming the biological activity of the compound. Applicants are claiming pharmaceutical 
compositions comprising specific crystalline forms of a compound and methods of 
treatment comprising administration of specific crystalline forms of a compound, the 
novelty of which crystalline forms has been established and acknowledged by the PTO. 
For these reasons, Applicants respectfully submit that the '832 patent does not disclose 
every element of the instantly pending claims and therefor does not anticipate the 
pending claims. Reversal of the outstanding rejection is respectfully requested. 

. Conclusion 

It is believed that the application is in condition for allowance; therefore, early reversal of 
the final rejection and passage of the subject application to issue are earnestly solicited. 

RespectfuIJysubmitted, 




/ tic/- 



Lorie Ann Morgan 
Attorney for Applicants 
Registration No. 38,181 



Date: 1 0 Septemb er, 2003 

Glaxo Wellcome Inc. 

Five Moore Drive, PO Box 13398 

Research Triangle Park 

North Carolina 27709 

(919) 483-8222 
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APPENDIX A 



11. (Previously Presented) A pharmaceutical composition comprising a crystalline form 
of Form II 5,6-dichloro-2-(isopropylamino)-1-P-L-ribofuranosyl-1H-benzimidazole having 
substantially the same X-ray powder diffraction pattern as Figure 2, wherein said X-ray 
powder diffraction pattern is obtained with a diffractometer equipped with a diffracted 
beam curved graphite monochromator using copper Ka X-radiation, and at least one 
pharmaceutical^ acceptable carrier therefor. 

1 4. (Previously Presented) A method for the treatment of a herpes viral infection in a 
human which comprises administering to the human host, an effective antiviral amount 
of a crystalline form of Form II 5 l 6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-rH- 
benzimidazole having substantially the same X-ray powder diffraction pattern as Figure 
2, wherein said X-ray powder diffraction pattern is obtained with a diffractometer 
equipped with a diffracted beam curved graphite monochromator using copper Ka X- 



1 a (Previously Presented) A pharmaceutical composition comprising a crystalline form 
of S.G-dichloro^OsopropylaminoJ-l-P-L-ribofuranosyl-lH-benzimidazole having 
substantially the same X-ray powder diffraction pattern as Figure 3, wherein said X-ray 
powder diffraction pattern is obtained with a diffractometer equipped with a' diffracted 
beam curved graphite monochromator using copper KaX-radiation r and at least one 
pharmaceutical^ acceptable carrier therefor. 

17. (Previously Presented) A pharmaceutical composition comprising a crystalline form 
of Form V 5 f 6-dichloro-2-(rsopropyIamino)-1-p-L-ribofuranosyl-lH-benzimida20le having 
substantially the same X-ray powder diffraction pattern as Figure 5, wherein said X-ray 
powder diffraction pattern is obtained with a diffractometer equipped with a diffracted 
beam curved graphite monochromator using copper Ka X-radiation, 
and at least one pharmaceutical^ acceptable carrier therefor. 



radiation. 
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18. (Previously Presented) A pharmaceutical composition comprising an admixture of 
two or more forms or solvates of 5,6-dichloro-2-(isopropylamino)-1-P-L-ribofuranosyl- 
iH-benzimidazole selected from the group consisting of Form I, Form II, ethanol solvate. 
Form IV, Form V, and amorphous, and at least one pharmaceutical^ acceptable carrier 
therefor. 

19. (Previously Presented) A method for the treatment of a herpes viral infection in a 
human which comprises administering to the human host, an effective antiviral amount 
of a crystalline form of 5 # 6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-lH- 
benzimldazole having substantially the same X-ray powder diffraction pattern as Figure 
3, wherein said X-ray powder diffraction pattern is obtained with a diffractometer 
equipped with a diffracted beam curved graphite monochromator using copper KctX- 
radiation,. 

20. (Previously Presented) A method for the treatment of a herpes viral infection in a 
human which comprises administering to the human host an effective antiviral amount 
of a crystalline form of Form V 5 f 6-dichloro-2-(isopropylamino)-1-P-L-ribofuranosyMH- 
benzimidazole having substantially the same X-ray powder diffraction pattern as Figure 
5, wherein said X-ray powder diffraction pattern is obtained with a diffractometer 
equipped with a diffracted beam curved graphite monochromator using copper KaX- 
radiation. 

21. (Previously Presented) A method for the treatment of a herpes viral infection In a 
human which comprises administering to the human host an effective antiviral amount 
of a composition comprising an admixture of two or more crystalline forms or solvates of 
5,6-dichloro-2-(isopropylamino)-1-p-L-ribofuranosyl-lH-benzimidazole selected from 
the group consisting of Form l f Form II, ethanol solvate, Form IV, Form V f and amorphous. 
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(57) ABSTRACT 

The invention relates to Form physical forms of 5,6- 
dichloro-2-(isopropylainiflo)-l^-L-r]bofuraflosyI-lH- 
bcnzlmidazok, pharmaceutical compositions comprising 
the same, and their use in medical therapy. 
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CRWAHJNE FORMS OFANA^OTVmAL 

BfiNZIMIBAZOI^ COMPOUND W£ Ji^riioSdux^i forth in Example 18. 

This applicalion is a Rule 371 Appbcalion of PCf7EP99/ DETAILED PESCRttTION OF THE 

02214, filed Apr. 1, im. which claims priority io Great 5 INVENTION 
Britain Patent Application No. 9807354.7, filed Apt- 7, 1998. . - n _ - 

V , W _^ V1 According to a first aspect of the invenrion there is 

BACKGROUND OF THE INVENTION provided lb© compound of formula (0 k » oove] crystalline 

Tnc prescol invcniioo relates lo armydrous crystalline fortDr Form 1. Form I is defined by the X-ray ponder 
forms Swales of Ihc antiviral compound 5,6^chtoro- so aiffmctioo pattern V^^^i^^ 
2-Osopro P ylamino)-l^(P-L.ribofuraposyl)-lH- a properly aligned difecinmeter ecurpped wi* o ducted 
beozSmidazcao (also known as 1263W94; a compound of beam curved graphite roonochromator usmft copper Kci 
fbrnroU (0), pharmaceutical formulations comprising anhy. X-radiation. Form 1 may be prepared from a aaJ»in-ejrf tnc 
o^cryiiufce forms and solvates of this compound, and amorphous compound ot formula (1) and the novel crysud- 
u£rapy. 15 Hne Form II thereof by suspending and beal^m water or 

5«-Di c blorr>-Mi^^ »olneoo at teo^raturea io excessof 5V> C On^im & the 

in^Sa^lS^) is a ben^midaxole derivative snspeosioo turns to a sticky gum which on conbmied beaung 
useful in medical therapy. W096/OT833 discloses 5,6- converts to a sobd. 

bUchlom.2K^rc^yUmmo)-K^I^ribofuranosyr>-lH- In aooibcr aspect of tho Invention there is proVKfcdUin 
bciizumdazole and i ts use for ihc treatment or prophylaxis of *> o[ fomjuLl (I) in * novel cryslallme form, Form 

viral infectious such those caused by herpes viruses. The n . Form n is defined by the X-rny powder dxffnictioD pattern 
compound as disclosed In WO96/01833 is an araorphous, illustrated in FIG. 2, which is obtained by a properly abgoed 
nonSystalline, hygroscopic maleriaL diffractomcter equipped wilh a ^ ac ^J*™ £^ 

TK/«ur« C h>reofS6-di^^ „ graphite monoenromator using copper Ka X^achanon. 

n^^yT^^ <>« 25 Foxmn may be produced by crystallization or recrys^i- 

^St l saiion of ihc amorphous compound oC formula (0 from 

CO fe shown bc,DV/ * S^os of methanol and water or methanol and toluene 

(t> The initial product of the recrysiallizadon is a methanol 
solvate which on drying loses methanol to produce Form n. 
30 In a further aspect of Ihe invention inert is provided the 
compound of formula (I) as a solid white free flowing 
powder (hereinafter referred to as the "cihanolate" ox etha- 
nol solvate of Ihc propound of fororula (I)). The elhanolate 
is defined by the X-ray powder diffraction partem derated 
in FIG. 3, wbich is obtained by a propexly aligned mOrac- 
lorocter equipped wilh a diffracted beam curved graphite 
moocohromator using copper Ka X-radiatiou. The oihano- 
loie may be prepared from solutions of the compound m 
. r _ t -v mixtures of eihanol and water or clhanol and toluene mw- 

Webavc dow found ihal ihc compound or formula (I) may 40 manures ol eiuanw 
be prepared in novel crystalline forms and solvates. The nircs- j^tion, there is provided 

povel crystalline forms and solvates of the present mvcuijon K ,D £^™" ^ mTnovel crystalline form, 

BRIEF DESCRIPTION OF THE DRAWINGS mombR 

FIG 1 X-ray powder diffraction pattern of Form J of ihc ^ a further aspect of the invention, there is pmvided the 
compound of formula (I). This pattern was obtained in compound of formula (I) in a novel crystalline form. Form 
accordance with the procedtrros set forth in Example 18. 53 v. Form V is defined by the X-ray powder diflraction pattern 

FIG 2 X-ray powder diffraciion paltcm of Form II of the Um^iraied Jo FIG. 5, which is obtained by a properly aliened 
compound of formula (I). This pattern was obtained in diffraclomeier equipped with a diffracted beam enrved 
accordance with the procedures set forth in Example 18. gnphiie moDOchromator using copper Kn X-radiahon. 

xTay powder diffraction paUern of ihe eibaoolate Form V may be produced by >d<hng ^ * 
Of Aec^rnpound P of formul, 0)- I^« cro ^ 60 amorphous propound of © « ^ ™ 

?n ^Mance wilh the woceduies set forth in Example 18. rapid slimo* over % h. After heating ai 65--70 0 C. with 

ticcofdaoee wilh vho prooedure* sc» fortb no Example IS. . . oy <»' WB ™ ~™ 
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C- for 20 minutes- Form V may a bo be prepared by 
solubiJUzing another crystalline form or solvate of the com- 
pound of formula (I), prefcrrably Form VI or the ethanolate,, 
in acclQpjlrjlc and aj lowing the sOhilioo 10 it and at ambient 
tempt raTurt until Form V precipitates out of solution. 

Id a further aspect of ibe invention, tberc is provided the 
compound of formula (I) as a mixture of any two or more of 
ibe anhydrous crystalline forms and/or solvates of toe 

present invention, or as a mixture of amorphous material and 
one or more of tbo anhydrous crystalline forms and/or 
solvates of the present Invent ion. The compound of formula 
(I) may also be isolated by acid/base precipitation. 

As used herein, the term "solvate" is a complex of 
variable stoichiometry formed by a solute (a compound of 
formula (1)) *nd & solvent. Solvents, by way of example, 
include water, methanol, ethanol, or acetic acid. Hereinafter, 
reference to a compound of formula (I) is 10 the amorphous 
form of that compound, unless another form or solvate 
thereof is specified. 

The X-ray powder diffraction pattern of ihc various 
anhydrous crystalline forms and solvates of the present 
invention is determined using conventional techniques and 
equipment known to those skilled in the art of physical 
cbaracterizsrioo. The diffraction patterns of HGS- 1-6 were 
obtained with a Philips X-Pert MFD difiractoroeler system 
equipped with a diffracted beam curved graphite monoenro- 
mator using copper Ka X-radialion and an automatic diver- 
gent slit A xenon proportional counter was used as the 
detector. The powder sample used to generate the X-ray 
powder diffraction data was prepared by conventional back 
tilled sample preparation techniques using a 16 mm diameter 
bolder about 2 mm ihkfc- 

A powder sample of each of Forms T, 0, IV, V, VI and the 
ethanolate were used to produce the X-ray powder diffrac- 
tion patterns of FIGS- JL 2, 4, 5, 6 and 3, respectively. Tbe 
X-ray diffraction patterns for each of the various forms and 
solvates are unique to the particular form. Each crystalline 
anhydrous form or solvate exhibits a diffraction pattern with 
a unique set of diffraction peaks which can be expressed in 
2 theta angles (*), d-spacings (A) and/or relative peak 
ifl tensities. 

2 Theta diffraction angles and corresponding d-Spacing 
values account for positions of various peaks in the X-ray 
powder diffraction pattern- D-spadng values are calculated 
with observed 2 tbcta angles and copper KoI wavelength 
using the Bragg equation. Slight variations in observed 2 
theta angles and d-spacings are expected based on the 
specific c$ftaciorjoeter employed and the analyst's sample 
preparation technique. More variation is expected for the 
relative peak intensities. Identification of the exact crystal 
form of a compound should be based primarily on observed 
2 theta angles or d-spacings with lesser import aocc placed 
on relative peak intensities. In a mixture of crystal forms* the 
strongest diffraction peak for each form may overlap with 
the diffraction peak of another form. In a mixture of crystal 
forms, identification may be based on the presence of a 
lesser intensity peak thai does not overlap with the other 
crystal forms. To identify 5,0'dichloro-2<isopropylamino)- 
l^*I^Dornranosyj>lH-bcnzimidazolc Form 1, the single 
most characteristic 2 theta angle peak occurs at 2.57 degrees, 
or 34.35 A d-spaciog. To identify 5,6-dicb]oro~2- 
(isopTopy lammo)- HP-^nbofa 

elbaoolalo, the singlo most characteristic 2 theta angle peak 

occurs at 6.63 degrees, or 1333 A d-spacing. To identify 

5,6-dichloro-2^isopropylamtoo)-I-^ 

benzimidazole Form IV, the single most characteristic 2 

theta angle peak occurs at 11.78 degrees, or 7.51 A 

d-spacing. 
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It may be desirable to rely upon multiple 2 theta angles or 
multiple d-spacings for the identification of each of the 
various anhydrous crystalline forms and/or solvates of the 
present invention. Each of the various anhydrous crystalline 

5 forms and/or solvates of 5 f o-Dicbioro-2-(isopropyiamino)- 
l-(^I^ribofuranosyl)-lH-benzimidazolo can also be iden- 
tified by the presence of multiple characteristic 2 theta angle 
peaks including two, three, four, five, six, seven, eight, eine, 
or ten of the 2 tbela angles which are reasonably character- 

10 istic of the particular crystalline form. Typically, Form I can 
be identified by the presence of X-ray diffraction peaks 
occurring at ai least five of the following positions, 
expressed in 2 theta angles: 7.90, 1 039, 14.63 , 15-79, 20-75, 
21.99, 22-77, 24.14, 24.71, and 25.97 degrees. Typically, 

15 Form II can be identified by the presence of X-ray diffraction 
peaks occurring at at least five of the following positions, 
expressed in 2 theta angles: 7.91, 17 33, 18.23,, 19.60, 21,88, 
23.24, 23.92, 25.27, 27.70, and 29.21 degrees. The ethano- 
late can be identified by the presence of X-ray diffraction 

20 peaks occurring at at least five of the following positions, 
expressed in 2 theta angles: 9.07, 103ft, 15.95, 17.72, 20.75, 
21-37, 22.96. 23.93. 25-40, and 29-05 degree*. Form IV can 
be identified by the presence of X-ray diffraction peaks 
occurring at at least five of the following positions, 

25 expressed in 2 theta angles: 9.29, 16.04, 18.67, 22.06, 22.68, 
2334, 24.40, 29.64, 30.92, and 31.62 degrees. Form V can 
be identified by the presence of X-ray diffraction peaks 
occurring at at least five of the following positions, 
expressed in 2 theta angles: 1330, 18.13, 18.78, 20.41, 

30 21.75, 23.02, 26.87, 28.34, 28.55, and 30.22 degrees. 

Some margin of error is present in each of the 2 theta 
angle assign roe cds and d-spacings reported above. The error 
in determining d-spacings decreases with increasing diffrac- 
tion scan angle or decreasing d -spacing. The margin of error 

3^ in the foregoing 2 theta angles for Forms 1, IV, V„ and the 
ethanolate is approximately ±0.05 degrees for each of the 
foregoing peak assignments. The margin of error in the 2 
theta angles for Form II is approximately £0.09 for each of 
the foregoing peak assignments. The margin of error in 

40 d ^spacing values for Forms I, IV, v, and the ethanolate is 
approximately xO-05 Angstroms. The margin of error in 
d^paciog values for Form II is approximately *0-09 Ang- 
stroms. 

Since some margin of error is possible in the assignment 
45 of 2 theta angles and d-spacings, the preferred method of 
comparing X-ray powder diffraction patterns in order to 
identify a particular crystalline form is to overlay tbo X-ray 
powder diffraction pattern of the unknown form over tbo 
X-ray powder djjfaactjoo pattern of a known form. For 
50 example, one skilled in the art can overlay an X-ray powder 
diffracrioo pailerc of an unidentified crystalline form of 
5,6^-dicblorx>-2^isopTc^y)aTO 

benzimidazole, obtained using the methods described 
herein, over FIG. 1 and readily determine whether the X-ray 

55 diffraction pattern of the unidentified form is substantially 
the same as the X-ray powder diffraction pattern of Form I. 
If the X-ray powder diffraction pattern is substantially the 
same as FIG. 1. l&c previously unknown crystalline form can 
be readily and accurately identified as Form I. The same 

so technique can be used to determine if ibe unidentified 
crystalline form is any of Forms II, IV, V, or the ethanolate 
by overlaying (he X-ray powder diffraction pattern over 
FIGS- 2, 4, 5, or 3, respectively. 
Although 2 theta angles or d-spacings are the primary 

65 method Of identifying a particular crystal) ine form, it may be 
desirable to also compare relative peak intensities. As noted 
above, relative peak intensities may vary depending upon 
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the specific dUIrrclomclcr employed and the analyst's 
sample preparation technique. The peak intensities are 
reported as intensities relative to the peak toieosiiy of tbe 
siroogesi peak. The intensity noils on ibe X-ray diffraction 
plot are couaLs/sec. Tbe absolute counls=connis/iimexcouni 5 
timc-conDis/secxlO sec. Considering 2 theta angles, 
d^spardog (A) and rcjaijvc peak totensily Q) of tbe fiiteco 
roost intense peaks* obtained by tbe method of Example 18 
below. Form I 5,6^dichlorO-2-<isopropy]arDipQ)-l-(^-L~ ]0 
ribofttranosyl)-lH-beozimida2X>]e exhibits tbe following 
X-ray (fifTracdoo pattern characteristics: 



2 ihcto wglc 
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11.19 
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J4.7 



2 theta aoglc 
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27.7 


23.89 


4.06 


3.9.0 
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25.40 




26.7 


27.6J 
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19.6 


29.05 


3.07 


25.4 



, Margio of error - Appro*. «O.05 

Form II 5,6-djcbIoro-2-(isopropylamiDo)-l-(p-L- 
ribofuianosyl)- 1 H -beozun ida2ole is further characterized by 
the following 2 loci* angles, d-spacings* and relative peak 
intensities of the fifteen most intense peaks, obtained by the 
method of Example IS below. 



30 



35 



a M»rgto of error - appro*. ±0.05 

The eibaoobtc may also exhibit peaks at essentially the 
following 2 theia angles: 6.6, 9.1, 9.4. 10-4, H.Q, ^> A 
17.2, 17.7, 183, 20.8, 21.4, 23.0, 23.9, 25-4, 27-7, 29.1 
degrees. 

Form IV S,6-diehl0ro-2-(isopropylamJ00)-l-0-L* 
riboftiraoo^l)-lll-ben2im(ida2ole is further characterized by 
the following 2 ibeta angles, d-spacings, aod relaiive peak 
intensities of the fifteen roost intense peaks, obtained by the 
method of Example 18 below. 
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142 



50 



60 



l Margio of err ax - appro*. ±0.09 

Fonn II may also cxbibU peaks at essentially Iho following 
2 iheta angles: 7.9, 10.9, 16.1, 173, 18:2, 19.6, 21.9, 23.9 
degrees. 

The ethanOlalc of 5,6Hjjcbloro-2^isopTopylamino)-l^^- 
L-nl>onirmo8yl)-lH-benzaxjiida^ole is further characicrizcd 
by the following 2 (beta angles, d-spacings, and relative & 
peak intensities of (Jbc fifteen most intense peaks, obtained 
by the method of Example 18 below. 
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32.62 


2S3 





"Mupu of error - npprox. xOAtS 

Form IV may also exhibit peaks at essentially the following 
2 theta angles: 73, 93, 11.8, 16.0, 18.7, 19.4, 19.5, 22,1, 
22,7, 24.4, 29.6, 30.9 degrees. 

Form V 5,6-dicbloro-2*(isopropylamino)-l-(p-L- 
ribofhranosyl)-! H-bcnziroidazolc is further characterized by 
the following 2 theta angles, d-spacings, and relative peak 
iolensilies or ibe fifteen most intense peaks, obtained by the 
method of Example 18 beJow. 



Form* 



2 ibem oogtc O' 



9.0T7 
935 
10.74 



9.75 
9.46 
8.13 



39,1 
J4J 
14.0 
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Form V 
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wiib ooc or more of Ibc amorphous compound of formula 
(IX and/or other anhydrous crystalline forms and solvates. Il 
Should be understood in at admixtures of a particular form ox 
solvate wiib amorphous compound of formula (1) and/or 
5 other crystalline forms or solvates may result in the masking 
or absence of odo or more of tbe foregoing X-ray powder 
diffraction peaks described above for toot particular form. 
Methods are known in ibe art for analyzing such admixtures 
of crystalline forms in order to provide for ibo accurate 
xo identification of the presence or absence of particular crys- 
talline forms in the admixture. 

In addition to tbe foregoing, any of the anhydrous crys- 
talline forms or solvates of the present invention may be in 
admixture with by dm ltd crystalline forms. Por example in 
JS any batch containing the annydrous crystalline compound of 
formula Q\ there may also be bydratcd crystalline forms of 
, the compound. 

Mmfim of cnor - app rat *0.05 According to a further aspect, the present invention pro- 

Form V may also exhibit peak* at essentially ibc following vides a process for tbe production of the compound of 
2 Iheta angles: 9J. T 93, 10.7, 133, 17.0, 18.1, 18.8, 20.4, 2Q formula (I) in anhydrous crystalline form which comprises 
21.8, 26.5>, 7%6* 30-2 degrees* treating the amorphous compound of formula (1) with a 

Based upon the foregoing characteristic features of the solubilising solvent serving to convert an amount of the 
X-ray powder diffraction patterns of Forms J, U, IV, V f and compound of formula (I) into one or more of the anhydrous 
tbe cthanolale and ibe methods described herein for obtain- crystalline forms aod/or solvates. 

ing ihtse X-ray powder diffraction patterns, one skilled in The invention also provides a process for the production 
tbe art can readily idcmify each of these anhydrous crystal- 35 0 r the compound of formula (1) in an anhydrous crystalline 
wn ^"IZS* ^<?<^^2^projpyJamuiO>- fon3Q> 5ajo procc&s comprising the steps of: 

l<0-r^r3Wuxanosyl)-lH-bcnzjmida7ole. II will be appro- ft v ~ Z «r <• llA ^ - 

dated by those sWilcd in the art that the X-ray poZter ^2^^ 0 " 

diffraction pauern of a sample of any particular anhydrous _ ?° l ? tf ? n to froo b ** W S f lt Ct>nn; 

crystalline form or solvate, obtained using tbe methods 30 b) isolating ibc compound of formula (I) Croro ibc solution 
described herein, may exhibit addiliuDai peajes. 'Tbe forego- * nJ optionally removing unbound (damp, non- 

tog tables provide the fifteen most intense peaks which are solvated) solvent leaving tbe compound of formula (I) 

characteristic of dial particular crystalline form Of solvate. in substantially dry form; 

The tables should not be interpreted as an exhaustive hsi c) treating the compound of formula (I) wiih a sohibibz- 

of peaks exhibited by the particular form or solvate. 35 ing solvent serving to convert an amount of the opiion- 

Oiher methods of physical characterization- can also be airy dried compound of formula (J) from step b) into the 

employed to identity the anhydrous crystalline forms or anhydrous crystalline form; and 

solvates of the present invention. For cxanyle, melting d ) isolating the anhydrous crystalline form. 
^^^l^^ff^^^ mfr " Cd ,S! Ctf ?->w ™* compound of formula Q) may be prepared by any 

crystalline form or solvate^eso technique* may be described m WO 96A>1833, mcorporatcd hcrem by mferene* 
employed alone or in combination to characterize a given m I-_ CTlurc v- . 

anhydrous crystaJJino form or solvate. 71115 * f * c ^pound of formula (I) generally 

The invention relates to the anhydrous crystalline forms teads 10 lbc formation of Ibc compound in solution in the 
and solvates both in pure form and in admixture with other 45 action mixture from which h may be separated and puri- 
f orros or solvates of the compound of formula (I> For fied as a solid product. The cennpouod of formula (I) may 
example, Form 1 may be in admixture with any one or more mcu optionally be dried. A number of factors in&ucncc the 
of Forms II, IV, V, or the elhanolate. Alternatively Form 1 crystalline form of the solid product and in accordance with 
may be in admixture with amorphous compound of formula the present invention the conditions of separation and/or 
(Ty. In another embodiment, Form 1 is in admixture with both so subsequent processing are adjusted 10 produce the com- 
amorphous compound of formula (1) and one or more other pound of formula (1) as one particular anhydrous crystalline 
crystalline forms or solvates including Forms D, IV, V and form or solvate, or as a mixture of two or more anhydrous 
the ethane-late. Simflarly, any of Forms II, IV, V, or the crystalline forms or solvates. 

clhanolale may form admixtures wim another form or sol- A suitable solubibzing servant is preferably a water- 
vale and/or the amorphous material One embodiment of the 53 soluble organic solvent and should be sufficiently solubtfiz- 
prescnt invention is an admixture of Forms I and V. Another ing and be employed in an amount to allow partial solubi- 
embodimenl of the present invention is an admixture of lizatioo to etTect ihe conversion and precipitation for 
Fottd II and tbe amorphous material. Another embodiment example from hydrated crystalline form to the desired 
of the present invention is an admixture of Forms I, IV, and anhydrous crystalline form of the compound of formula (I). 
V. Sift! another embodiment of the present invention is an 60 Advonia&cously tbe solvent is eventually removed by drying 
admix cure of Forms 1, IV; V, and the amorphous material. under vacuum. 

Other admixtures of two or more of the anhydrous crystal- *Ihe damp compound of formula (I) following ihe first 
line forms or solvates which are contemplated by the present isolation (as in step b above) is preferably dried, for example 
invention can be readily determined by those skilled in ibe at about 30* to about 70* C. to provide substantially dry 
a rt. 45 compound of formula (I). 

Tbe present invention expressly contemplates the forego- The present invention also provides crystaJhnc forms and 
tag mixtures of any anhydrous crystalline form or solvate solvates of ibe conrpound of formula (I) for use m medical 
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therapy, e.g. in the treatment or prophylaxis, ld chiding 
suppression of recurrence of symptoms, of a viral disease in 
aa animal, eg. a mamma] such as a human. Tbo compound 
of formula (I) anhydrous crystalline forms and solvates are 
especially useful for ibe treatment or prophylaxis of viral 
diseases such as herpes virus infections, for example, CMV 
infections, as well as disease caused by hepatitis B and 
hepatitis C viruses. In addition to its use in human medical 
therapy; I be compound of formula (I) anhydrous crystalline 
forms and solvates can be administered U> other animals for 
treatment or prophylaxis of viral diseases, e.g, to other 

The present invention also provides a method for ibe 
treatment or prophylaxis of a viral infection, particularly a 
herpes infection, CMV infections, as well as disease caused 
by hepatitis B and hepatitis C viruses in an auimaJ, e.g. a 
mammal such as a human, which comprises administering to 
the animal an elective antiviral arnouot of the compound of 
formula (I) as an anhydrous crystalline form or solvate. 

The present invention also provides the use of the com- 
pound of formula (I) anhydrous crystalline forms and sol- 
vales in the preparation of a medicament for the treatment or 
prophylaxis of a viral infection. 

As used herein, ibe lerm prophylaxis includes the pre- 
vention of infection, the prevention of occurrence of symp- 
toms and the prevention of recurrence of symptoms. 

The compound of formula (I) anhydrous crystalline forms 
and solvates may be administered by any route appropriate 
lo the condition to be treated, but ibe preferred route of 
administration is oral. It will be appreciated however, that 
the preferred route may vary with for example the condition 
of the recipient. 

For each of the above-indicated utilities and indications 
the amounts required of tbo active ingredieoi (as above 
defined) will depend upon a number of factors including the 
severity of the condition to be treated and ibe identity of the 
recipient and will ultimately be at the discretion of the 
attendant physician Or veterinarian. In general however, for 
each of these utilities and indications, a suitable effective 
dose will be in the range of 0.01 io 250 mg per kilogram 
body weight of recipient per day, advantageously in the 
range of 0.1 to 100 mg per kilogram body weight per day, 
preferably in ibe range of OS lo 30 rog per kilogram body 
wefgiit per day, particularly 1.0 to 30 mg per kilogram body 
weight per day (unless otherwise indicated, all weights of 
ibe active ingredient arc calculated with respect to the free 
base Of the compound of formula (I)). The desired dose is 
preferably presented as one, two, three or four or more 
subdoses administered at appropriate intervals throughout 
the day. These sub-doses may be administered in unit dosage 
forms, for example, containing about 10 to 1200 mg, or 50 
to 500 mg, preferably about 20 io 500 mg, and most 
preferably 100 to 400 mg of active ingredient per unit dose 
form. 

While it is possible lor the active ingredient io be admin- 
istered alone, it is preferable lo present it as a pharmaceutical 
formulation. The formulation comprises the active ingredi- 
ent as above defined, together with one or more pbarroa- 
ccutically acceptable oxcipienls therefor and optionally 
other therapeutic ingredients. Tbe cxcipicor(s) must bo 
"acceptable" in tbe sense of being compatible with the other 
ingredients of the formulation and not deleterious to the 
recipient thereof. 

The formulations include those suitable for oral admu> 
titration and may conveniently be presented in unit dosage 
form prepared by any of the methods well known in the art 
of pharmacy. Such methods include the siep of bringing Into 
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association the active ingredient with the carrier which 
constitutes one or more accessory ingredients. In general, 
the formulations are prepared by uniformly and intimately 
bringing in to association ibo active ingredient with liquid 

5 carriers or finery divided solid carriers or both, and then, if 
necessary, shaping the product. 

Formulations of the present invenrion suitable for oral 
administration may be presented as discrete units such as 
capsules, cachets, sachets of granules or tablets (such as a 

J0 swallowable, dbpcrsible or cbewable tablet) each containing 
a predetermined amount of the aedve ingredient; as a 
powder or granules; as a solution or a suspension in an 
aqueous liquid or a □ on- aqueous liquid; or as an oil-in-water 
liquid emulsion or a water-in -oil liquid emulsion. Tbe active 

15 ingredient may also be presented as a bolus, electuary or 
paste. 

A labia may be made by compression or moulding 
optionally with one or more accessory ingredients. Com- 
pressed tablets may be prepared by compressing in a suitable 

20 machine the active Ingredient in a JGrcc-flowing form such as 
a powder or grannies, optionally mixed with a binder; 
lubricant, inert diluent, preservative, surface active or dis- 
pensing agent. Moulded tablets may be made by moulding in 
a suitable machine a mixture of tbe powdered compound 

2S moistened wjijb an inert liquid diluent. Ibe tablets may 
optionally be coated or scored any may be formulated so as 
to provide slow or controlled release of the active ingredient 
therein. 

In addition io ibe oral dosage forms described 
30 hereinabove, the anhydrous crystalline forms and solvates of 
ibe present invention may also be formulated for adminis- 
tration by topical, parenteral, and other odrmnistralion routes 
using the carriers and techniques described in WO96/01&33. 
It will be appreciated by those skilled in the art that the 
35 preparation of dosage forms as solutions of the anhydrous 
crystalline forms or solvates substantially complete Jy dis- 
solved in a solvent, e.g. for parenteral administration, will 
preclude the identification of the particular crysi*llinc form 
utilized in the preparation of the solution. Nevertheless, each 
40 of ihc anhydrous crystalline forms and solvates can be used 
for the preparation of solutions by substantially completely 
solubilizing the crystal line form or solvate in a suitable 
sorveou 

Preferred unit dosage formulations are those containing a 
45 daily dose or unit daily sub-dose (as herein above recited) or 
an appropriate fraction thereof, of the active ingredient. 

Jt should be understood that in addition lo the ingredients 
particularly mentioned above tbe fbnoubiioD of this inven- 
tion may include other agents conventional in the art having, 
50 regard to the type of formulation in question, for example 
those suitable for oral administration may include flavoring 
agents or taste masking agents. 

The following examples arc intended for illustration only 
and are not intended to limit the scope of the Invention io any 
55 way. 

EXAMPLE 1 

5A-tHcbloro-2-(LSOprnpyJamirjo>l-^I^ 
ribofuranosyMH-beriajjridazolc Form I 

The compound of formula (1) (200 mg) was placed in a 
Thermal Activity Monitor (TAM) and a few drops of water 
were added io make the powder wet. The vial was scaled and 
placed in a TAM chamber at 50* C. The mixture was cooled 
to ambient temperature and filtered. Tbo damp residue was 
dried in vacuo ai oCT C, overnight to give tho impound of 
formula Q) Form I. 
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The X-ray powder diffraction pattern of Ihe product of EXAMPLE 6 
Example 1 is shown in FIG. 1. 

„ _ _ Preparation of 5^,^cblon>*2-(isopiopylaiDino>-l- 

EXAMPLE 2 p-L-riboJfuraiKisyl-lH-bcnzimldazoIc Form I from 

5 r 6,-Dicbloro-2-(isopropylacoino)-l-p-I^ 3 Form U 

riboruraoosy 1- lH-beu2ijrodazol6 Form I Toe compound of formula (J) (5 g) was stirred with water 

tu- r r . /- ff \ , (1 .5 ml) in an oil bath al SO* C- VVbcn the temperature of the 

»£m^tZh^l®Jc 011 rMehed abOT < C, the mi *,u«££Uc difficult 

fo^ed. AfwWb*lh**o gum S M Z ^^4^4^ ° >a,enal 

broken up with a spa tola. Tbe mixture was healed ai 65-70° ^ v ^ " . 

C-for 9 h. Tbe nuxujre was cooled to ZO° C_ and ibe solid p 1110 X_ra ? P 0 *^ ^fraction pattern of the product of 

collected by filtration and dried in vacuo at 40* C for 24 b Es^V 1 * 6 * ^towo *n HC. 1. 

to give the compound of forniula (1) Porm L i* EXAMPLE 7 

The X-ray powder mOraction pattern of the product of 

Example 2 is shown in FIG. 1. 5 f 6^chlom-2-C^P'<Wlamioo)-l-p-L r 



EXAMPUE3 



ribofuranosy 1-1 H-bcnzimidazok Fonn II 



20 compound of formula (J) (lOOg) was added to stirred 

5,6^Dichloro-2KisopropylamiD0>l-$-L- lolueoe/meilianol (4:1, 440 ml) and heated to 65* C. to gjve 

ribofkrano^yl-lH-bcnzimklaTOle Form I * clear solution. The solution was clarified through a filter 

Th* *™™^ . c r ^ , m/r , , - * wilh » lme wash (lolueoe/mcihanol [4:1, 110 ml, warm]) 

•J^STSf 0 l!f?™ h W^J* ^T^ ilS mI > The solution was neatcd back to 65* C and toluene (4.5 vol) 
were stirred and healed m an oil bath at 80 C. The nowder ^ . . . . r v7 . ~^ ,W,UU,D v * J u v 

turned io a gum arid 30>ring ce^ hS^& 25 ^ fclS^Tt ^ 

for 8 b. The solid was loosened with a spatula and stirred Z^^Sr^t TZ^J^^'^l^?^ 

occamonany. After cooling to 20° C, tbe »JU was coDttacd %^J££?T fj?.t£ ^ l IflS T S 
and dried in vacuo al 40* C for 4 h, Wa& SC ^ c f ^^^^^ of formula (I) Form 

-n v „. - II and then aged tor a further 4:5 h. Tbe suspension was 

The X-ray powder diffraction pattern of the product of ^ cooled to 20° C. over X h and aged at 2(T C. for 12 h and 

Example 3 is shown m FIG. 1. incn cooled to 5° C over 1 b and aged for 3 b. The sobd was 

F.YAMPl r 4 collected by 0 Juration, washing with toluene (2x100 ml). 

Tbe wet cake was transferred to a dryer and dried in vacuo 

5A-Didbloro-2<i^rDpyIamiao>l-^Ln 41 c 

ribofuraoosyl-lll-benzjixwdazole Form [ *5 The X-ray powder diffir action pattern Of the product of 

The compound of formula (1) (2 g) in toluene (15 ml) was Ejaro ' k 7 * sbowa fa nG 2 - 
beated al reflux for 19 b. On beating tbe suspension turned EXAMPLE 8 

to a gum that solidified on further beating. The solid was 

collected by filtration and dried in vocuo at 40° C. to yield ^ 5^,-Dicoloro-2-(w^pylamiQo)-J -0-L- 

tho compound of formula (1). rilx>fnranosyl-lH4?cnzinridazole Form U 

l^Z^Tl ST**- ^A^T pattCm ° f ^ P™** of compound of formula (I) (1.0 wt) was dissolved m 

Example 4 is shown id FIG. L ethyl acetate (6.0 vol) and sur^eciedto a fniishjbg nllraiion. 

cXAMPI-n 5 Thc J3lrate * ***** conccniratcd to approximately 3 volumes. 

irx-L. 45 Assuming complete solvent exchange, the solution was 

Preparation of 5^^nloro-2^isoi>rc>pylaminoVl- reconstituted to 33 volumes with methanol. Water (0,5 vol) 

0-L-nDoruranosyM H-ben»midazo)e Form I J&om wa * addcd to Mludoo was cooled to 0-5" C. The 

Form II crysuUizatioD was seeded with a sm^l amount of pure the 

^, , . .... compound of formula (I) and the sohuion was stored ai 0-5° 

m i^^ P °^ > ^^/^ * (10 SO C for 2 b. Tne firoduc\ was filtered (no wash) and dried m 

ml, 5 vol) was heated to 60* C al which point the solid vacuo for 24-« b at ambient lem|>cVarure. A second crop 
to^C^o^^ On gunned heating was obtained by evaporanon of me^tratc to ^volume 

^to^°^^ fo Wd^e^ 

C.) and beating continued for 3 h igain with ra^d stirring. 8 * 5h0WD fa HG - 2 " 

The mixture was heated in reflux again for 16 h and then EXAMPLE 9 
allowed lo coo) to room tempera ture. The loose solid was 

collected by njtradon washing with toluene (2x5 ml) and w 5A-Dicbtoro-2-(isopmpylaimno>l-fl-U 

dried in vacuo at 20* C. and at 40 6 C. in vacuo to yield a ru^fmauosyt-lH-benamidazole Form 1) 

^^X^t!^ *?* was removed from toe/)**, The compound of formula (I) (10 g) was dissolved in 

collected by fillnuon, and dned in vacuo at 20* C The methanol (20 ml) with healing to 50* C WalerTmH was 

tolratc was conceniratcd under reduced pressure lo yield a a£kJcd pnd \hc mixture cooled^ 5* C %W ^^StaS 

' v . ,._ . „ 6i at 5° C. for 1 h. Tbe solid was coUcclcd by Dliration aod 

The X-ray powder diffjachon pattern of the product of dried in vacuo al 20° C for 15 h and at 40° C. mr 4 h to yield 

Example 5 is shown in FIG. 1. Uie compound of forrouU (I). 
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The X-ray powder diffraction pattern of ibe product of 
Example 9 » shown in FIG. 2. 

EXAMPLE 10 

Preparation of mixtures of 5,6,-dichton3-2- 
(isopropybmiil0>-Jip-L-cib0fiiraDO3yl-lH- 
beOQdmjdazolO forms 

The compound of formula (I) may be dissolved in 2N 
hydrocbloric acid (60 ml) and stirred for 0.5 h and filtered 
The filtraie was healed to 60* C and 2N sodium hydroxide 
(55 ml) was added slowly, maintaining ihe internal tempera- 
tore between GO-70* C during the addition. The mixture 
was stirred at 65-70* C for 2 b and then cooled lo 20° C 
over 2 h. The solid was collected by filtration, washing wiib 
water (2x30 ml) and dried in vacuo at 40° C. for 16 h to yield 
me compound of formula (1) (8wd g,88%). 

EXAMPLE 11 

5,6,-Dictiloro-2-(i^propylamino>-l-^-L^ io 
ribofurtmosyl-lH-bexrziiaidazoJc clhanolatc 

'Ihc compound of formula (I) (1.0 wi) was suspended in 
ethancl/water (10.0 vol) at 70° C. for 2 h. The ctbanol/watcr 
(v/v) ratios were as follows: 10/90, 15/65, 20/80. 25/75 and , 
50/70. The resulting solid white free flowing powder was 
filtered and air-dried. Etbanol solvate was obtained in simi- 
lar manner Jfrom so J a lions of ethannl/iohicne (ratios 5/95, 
tOtfO, 15/55, 20^ 25/75. and 30/70). 

The X-ray powder diffraction pattern of the product of 
Example 11 is shown in FIG. 3. 

EXAMPLE 12 

5^-Dich !oro-2-(isopropy l amino)-l - p-L- 
ribofurairosyl-lH-benzimidazole ctbanolale 35 

The compound of formula Q) (20 fi) was added to stirred 
tolueoe/eihauol £7:1, 200 ml) and heated lo reflux (81° C) 
10 give a dear solution. The solution was cooled 10 20° C 
and crystallization occurred at approximately 50* C The 
suspension was cooled to 0-5* C and aged for % b. The solid *° 
was collected by filtration, and washed with toluene (2x20 
ml). The wet cake was dried in vacuo at 40* C. 

Itecrysallisaiion of the compound of formula (I) from 
ethaool/water or ciharoVioluenc gave an eibanol solvate 
containing 0.5 moles of eibanol per mole of the compound 
of formula (I). 

The X-ray powder d (fraction pattern of the product of 
Example 12 is shown in RG. 3. 

EXAMPLE 13 

5,6,-Dich]oro-2-(isopropyIaOTiiio)-l-p.T^ 
rmofuranosyl-lH-bcnzimidawJc Form IV 
Water (300 ml) was added to Form I (4 g) as prepared in 
Example 1 above and stirred for 20 rnin. The mixture was 
Ihen heated al 50* C for 6 days, and then cooled to room 
temperature. The solid, grainy crystalline material was fil- 
tered and dried in vacuo at o"0° C 

The X-ray powder diffraction pattern of the product of 
Example 13 is sbowo in FIO. 4. 60 

EXAMPLE 14 

5,6.-Dichloro-2r(isopropy!amino>.l -p-U 
ritK)ftiranosyl-lH'bcn2irnjdazoIe Form V ^ 
The compound of formula (I) (20 g) was added gradually 
to water (40 ml) at 70° C. with rapid stirring over 2 b. after 



14 



heating at 65-70* C. with stirring for an additional 7 b, the 
beating and stirring were discontinued. After silling for 25 
days at ambitoi temperature,, the mixture was filtered. The 
grainy white solid residue was allowed to air dry overnight 
affording the compound of formula (I) Form V. 

The X-ray powder diffraction pattern of the product of 
Example 14 is *bown in FIG. 5. 

EXAMPLE 15 

5,6;-DrchJoro-2-<isopropyJ amino).! -0-L^ 
n1»mraz^l-lH-ben2iroida20le Form V 

Tbc compound of formula (I) Form VI (72.86 mgX was 
added to 1 ml of aceionitrile and completely dissolved. Upon 
standing for about 30 days at ambient temperature, large 
crystals precipitated out of the solution, affording the com- 
pound of formula (I) Form V. 

Ihe X-ray powder diffraction pattern of the product of 
Example 15 is shown in FIG. 5. 

EXAMPLE 16 

$.6^DicbIom-2-(isopropylarnino)-l*p-L^ 
nr>ofuraiK>syl-lH-bcxizimidAxole Form VI 

The compound of formula (I) etbanolale (200 mg) was 
weighed into small vials- Hydroslats with NaCl saturated 
solutions and excess Nad solid were inserted inside the 
vials. The vials were (hen sealed very well and stored at 80° 
C. The samples, were removed from the vial and bcaied to 
170* C on a differential scanning calorimeter and subse- 
quently cooled to room temperature. The powder was col- 
lected from DSC pans and analyzed by X-ray diffraction. 

Characterization: The X-ray powder diffraction pattern of 
the product of Example 16 (Form VI) is shown in FIG- 6. 
The following data, measured in 2 tbcta angles, d-spacings, 
relative intensities, and Miller mdices were obtained: 

TABLE 1 

Xl*r Powder Tyfffscrfon of Form Vt of 1263W94 



45 



2 0O* 


A» 


1 


u> 


1? 


p 




MJ36 


14^ 


0 


0 


4 


HM7 


S-4S 


35.6 


1 


0 


2 




<S-S>1 


16J 


0 


0 


6 


I4J6 


6-25 


16.4 


1 




2 


1*51 


S.S5 


21/1 


1 




0 




5.92 


60.4 


1 




3 


U.W 


5.54 


26J2 


1 




4 


17.25 


5.14 


JOQLQ 


1 




5 


19.25 


4.61 


17,3 


2 




1 


23,41 


4A5 


Z6.5 


2 




0 


2143 


4.07 


60.4 


2 




2 


22J5 


347 


. 383 


2 




3 


23.07 


IBS 


4d.7 


2 




4 


27.4* 


S.24 


203 


2 




& 


30.11 


2J>7 


IS* 


2 




6 



'Mwgio of error £* apjtfax. jD.Q5 degxew. 
^Muigfcj or en©f Is appro*. *0.05 A. 

Tho MUlOf ItAica, h, Jk; «ad I above »m **cd CO define uniquely a aol of 
pflnUel pbw in the crystal. 

EXAMPLE 37 

Preparation of 5^fichloro-2-(isopropyIamino)-l- 
(beta-I^n^oruranosylVlil-beoaimidazole Form VI 
by Crystallization from Ethyl Acetate/Ihluene 

Sodium hydroxide (2M, 1790 ml) was added to a slurry 
of 5,Wicbloro-2-(isopropylamifKk>l-(2,3^iri-0-acctyl- 
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bcta-t^n>ofuraxiosyl>XH-beiuimida20]c (358 g) id TMBE 
(1790 ml) couiaiuiog methanol (179 ml). The mixture was 
stirred al 25-30° C. uoiil the reaction was complete. Tbc 
layers were separated and (be aqueous layer further 
cxlracied with TBME (716 ml) The combined organic 
solutions were washed with 100 brine (2*1790 ml). Hie 
organic solution was concentrated at atmospheric pressure to 
about 25 vol (895 nj))_ Ethyl acetate (2864 ml) was added 
and the solution was again concentrated lo about 2S vol. 
The solution was cooled to 40-50° and the resulting 
solution was clarified, rinsing with an eibyl acetate (716 ml) 
line wash. The clarified solution was oouccniraied at atmo- 
spheric pressure to about 33 vol (llfiO ml). 

The solution was healed to W C- Toluene (3000 ml) was 
heated lo 60° C. and added over 1 h 1q the ethyl acetate 
eohitloo. The resulting mixture was aged at 60* C. overnight 
before cooling u> 0-5* C. over 1 h then aging at 0.5* C. tor 
about 2 h. The sJuny was altered,, washed with ethyl 
aceiaiertoluene 1:4 (2x716 ml) and dried ia vacuo al 40° C- 
for 18 h to yield 5^6^<iichbrr>2-<isopTopyiamino>l-(bcta- 
l^rirjoruranc«yO-l-H-ben^idazole Form VI. 

CharacLcdzaQton: as for Example IG. 

EXAMPLE 18 
Experimental Mel bods for Characterization of Crystalline 
Forms and Solvates 
X-Itay Powder Diffraction 

The X-ray powder diffraction patterns were determined 
on a Philips X'Pert MPD dhtractomcicr equipped with 
diffracted beam curved graphite monocbrom alar using cop- 
per Ka X-radiaiion and an automatic divergent slit. The 
Cvimraclocuctcr was mo in the step scan mode at 0.04* per 
step and a 1 second count per step. A xenon proportional 
counter wjxh a graphite monochromator was used as the 
detector. Samples ware back rilled into a 16 mm diameter 
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12&3W*MlU>leii (f wm ivnmorpfcoca) 



Potency 



400 m* 



20 



Core [flflrafiana 

L*cU»c, anhydrous NF 
MkrocryslalLia rvtK.i»«> y Jfp 

Magnesium SUtnUi, NP 

TbtfJ (««) 
Coating tcgred»6cl» 

Opadiy White YS-1-19Q34 
Ptn-£«t W*ut usp* 

Tbml (core) 

nxomkml Boicb Size (cores) 



103 J* 


413.2* 


65.0 


ZiJCXO 


20.0 


aao 


12.0 




14 


4.0 


2013 mg 


eos.2 mg 


6S> 


24j0 


OS 


OS 


20? J xng 


8Z9.2 mg 







3900 



'ecjurvalest lo 100 mg aT 3263W94 pec tabid 
^utvjJent l©400 mg of 12£3WS* per table; 

Manufacturing Procedure for Direct Compression 

All ingredients were screened, except the magnesium 
stcarale, using 20 or 30 mesh. All iogredieuLs were blended, 
excluding the magnesium sicarate, unli] uniform. The mag- 

_ ncsium siearale was screened as above. The magnesium 

^^^"In^^^Tr f 2 ^? C X * r3y P ° wdcr 35 siearale was added lo the other ingredients and bknocTloe 
Dutociion Patterns of Forms I, II, IV, V, VI and tbc UW ets were compressed using TfOlary press. A 10% coatin K 
ethanol^ are provided ,o FIG* 1. 2, 4> 5, 6 and 3, suspension was Wared ^ mixing ^ wKS 

Tablets were coated to a weigbi gain of approximately 3%. 



Tablet FOrnrulaiion 



EXAMPLE IP 



40 Formulation B 



Potency 



FonnularioA A 
1Z63W94 ethanofateTWeu 

— r*g**< 



100 rag 



Core tagrcUicna 

1263WJM EttAQOfelc 

MferocryxtaUlAo Cfcltaloae, NF 
Crwpovidcnc, NF 
Magnesium Steualc. NF 

Tbtal (pori) 
Ooadng rngrcdicett 

Op wiry WWie VS-1-18034 
Purified Wo«f VSV 

TbUl (com) 

Thootetaefll Batch Scca (cores) 
tablet* 



105,0* 
200.0 

2on 

0.8 



son 

3.2 



3217 mg 1306.3 mg 



OS 



36.0 
OS 



335.7 mg 1342* «g 



aeiw 

2500 



'Removed during procuring 

'Hquivaleoi to 300 mg of lSOWM j>«t mWw 

'Equivocal to 400 mg oT 1263W94 per tobki 



55 



Potency 



12S3W94 feltonoblg Tablet. 
We i OnmnlBtfoo _ 

J00 mg 



Cote InyedtBOto 



1263WMI 
MiercerjDiailine Cellulose, NP 
Cwtporidraw* NF 
Povidone USftK30 
Megoesbim Sicamtc, 
runted Water DSP* 

Total (core) 

Opatey Whim YS-1-18U34 
PtiriBedwalci USP 1 

total (cof 6 ) 

Theofeiieal Bitch Sixa Ccore*) 
*6 

melrti 



105J^ 

7sn 

35-0 
7.S 
0.6 

os os 

204.0 m 



fi-0 



OS 



400fltg 



423j6» 
300.0 



30.0 
24,0 



8i6JO i 



2«n 
QS 



2J0.0 mg saao t 



0.7M 

3503 



*RcmoveJ during p recusing 
» ^qtrivolea io 100 mg of 1263W94 pa iaMci 
'Eqoivtlcal to O00 «g of 3263W04 ufalct 
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J 2*3w»4 T»bl«4 (form UfrxoofphcUs) 



ioo iag 400 mg 



Uctoic, n?bydnraa> NT 
MicroqryiUUiac CeJHoce, NF 
C^spovtdooe, NF 

Sodium Lfturfl Sbt&t©, NF 
Colloidal Silicon EKexkfc,, NF 
Maffouiaifl Slcanle, NF 
PWlflcd Wilef US? 1 

tblal (cow) 

OpAd/y Wfeftc YS-J-3B034 
Purified WfcUf usp* 

TkHal (core) 

Theoretical Patch Sko Cottcv) 



ingredients aie fiDed into ibe gelatin capsuJos by hand 
Capsules are dosed by hand 

EXAMPLE 21 
Orel Suspension I^rmulabbo 

Tbc following formulation may be prepared as follows 
using ibe compound of formula (I) Form J, Jl, V or an 
adnuxiure of Forms I and V. 





413.2 3 


GOjO 


240j0 


zon 


8O0 




4&0 


6.0 




2ja 


an 


0,6 




]jO 


4.0 


Q3 


OS 


Zoning 






24.0 


OS 


OS 


230.9 oog 


843.S mg 


0.799 





10 



Potency 



30 mg/ml/ 



JLognrdfcats 
J26JW94 (tClivw) 
Sucrose 

Propylene Glycol 
S«liMn CbJwide 
Citric Acid 
Sodwft Citato 

Microcryitklline CeDoltec and 
Sodinat Cufaoxynettyl- 



Scdmm Ckrbazynwlhyl- 



3900 



1 Removed during processing 

^Equivnlctit id 100 rag of 1263W94 per tablet 

'EquivrJent to 400 OA of 1263 W*M per Lab lei 

Manufacturing Procedure for Wet Granulation 
The granule inurcdicais were scrceccd using a 20 or 30 
mesh, lne granule ingredients were dry blended in a high 
shear gran-ala lor Until uniform and men granulated in a high 
shear granulator using purified water. The granule was dried 
to a loss on drying of less than 2%. Tho granule was 
screened as above. Too remaining ingrecHcn is were screened 
as above. Tbc granule was blended with the remaining 
ingredients. The tablets were compressed using a rotary 
press. A 10% coaling suspension was prepared by mixing 
Opadry with water. Tablets were coaxed to a weight pain of 
approximately ^ ^ 

EXAMPLE 20 

Capsule Foxmulauon 

The following formulation may be prepared as follows 
using Ibe compound of formula (I) Form u. 



30 



PolyfiOrbalo SO 
Sodium Bea&oatD 
Meihylpartbcn 

Colorant 

FunfieJ ^Siiot USP 
Total Mjtume 



pet 100 ml 
3d B 
5O.0 g 
5X> g 
0-*g 
QS 
OS 
"s 



0-^5 g 

ojz g 

Da g 
0J g 
0.2 ml 
0.DO5 C 
OS 

100.0 ml 



. 12S3W94 Qarsmfc* iTotti, rf> 



'Potency 



100 1 



C>puUc flD Ingrcdlftatt 

1263W04 (ettlvo) 
IviotOtt, Aobydrou* NF 
CfMpftvidooe, NF 
Mitgacaium Skmmi** NF 
Tt>mJ FtU Weight 
Capita Shcfl 

Gelatin, whJQc Opaque oo p Had 
body 

Total Weight 



1QJ.0 1 
232-0 
17.0 
1.0 
351.0 c 



SJ.1 



*3W mg 



•nqaTvnleai «, 100 rug of 12Q3W94 per ublct. 

Manufacturing Procedure fox Capsules 
The capsule fill ingrcdienis are mixed nsing o mortar and 
pestle by geometric dilution. The combined capsule fill 



Manufacturing Procedure for Oral Solution 

35 Sucrose is dissolved in purified water to approximately 
70% of total batch volume. While mixing continuously, 
sodium chloride, cjiric acid, sodium ciiratc, and sodium 
benzoaio arc added and dissolved. If necessary, the pH is 
adjusted to between 5.0 and 6.0, by adding sufficient citric 
e0 acid or sodium dirale as oeccssary. Mictocrysialhne cellu- 
lose and sodium carboxymemylcelrnlose (Avice) JRC 591) 
are added while mixing and mixing is continued unul a 
uniform, smooth dispersion is formed, ftriysorbatc 80 is 
added wfcUc mixing. In a separate vessel, racthylparaben is 
as dissolved in propylene glycol and sodium carboxy methyl 
cellulose (0.25 g) is dispersed, and Oris liqua is added to ibe 
bul)c dispersion while mixing. Tbe active ingredient is 
gradually dispersed in the bulk liquid while mixiog 
continuously, to produce a uniform dispersion. Flavorant 
50 and Colorant are added and the volume £s adjusted to 100 ml 
by addition of purified water. The suspension is then homog- 
enized by passing through a pump and a coUoid mill. 

The foregoing Examples arc illustrative of the present 
invention and are not to be construed as limiting thereof. The 
55 invention is defined by the following claims including 
equivalents thereof. 
What is claimed is: 

1. A crystalline form of Form JI 5,6-dicbloro-2- 
(isopropyiammo)-l-^ribofuj^osyl.lH.ben^rniaazcae 

<k> having subslanu'Dlly ibe same X-ray powder tfn^actiOQ 
pattern as FIG. 2, wherein said X-ray powder churnctJoo 
pattern is obtained with a diffTaclomeier equipped with a 
diffracted beam curved graphite mooochromator using cop- 
per Ka X- radiation. 

2. A crystalline form of 5 > 6^"cotoro-2^isoptopylaniino> 
l-j3-L-ribofuranosyl-iII-beDzimida?ote characterized by an 
X-ray powder pUfliracUon paueru expressed in terms of 2 
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ihcia angles aod obiained wiib a m'flractometer equipped 
with a diffracted beam curved graphite monochromator 
using copper Ka X-radiaboo, wherein said X-ray ponder 
diffraction pattern comprise* 2 (beta angles at Gvc or more 
positions selected from Ibe group consisting of al five or 
more of Lbc following posibons; 7.91*0.09, 1732*0.09, 
18.23r0.95, 1 9.60-0.09, 2;.$8:s0.09, 23.24-0.09, 
23.92-0.09, 25.27-0.09, 27.70a0.09, and 29.2UO.09 
degrees. 
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J.Acrystamncformof5,6*Di^^ jo P alt «ra as FIG 

t-P-I^ribo£urano3yJ-jai-bcozimida2ole etbanol solvate bav- CisonrowIaminoV. 
ing substantially ibe name X-ray powder djffi-actioa pattern 
as FIG. 3, wberein Said X-ray powder difljaclioa pattern is 
obtained wiib a diflfractomctcr equipped witfi a diffracted 
beam curved graphite roonochroruator using copper Ka 15 
X-racfa'atioD. 

4. A crystalline form of an etbanol solvate of 5 F 6-dicbloro- 
2^isop^opy^amino)-l-J^L^nnofo 

characterised by an X-ray powder d infraction paiiera 
expressed in icrms of 2 lb eta angles and obiained with a 20 
diflractometer equipped wiib a diflracred beim curved 
grapbii© mooocbromator using copper Ka X-radiabon. 
wherein said X-ray powder diffraction patiern comprises 2 
tbcta angles al five or nwre rations selected from Ibe group 
consisting of at five or more of the following positions- 
9.07a0.05, 10.38-0.05, 15.95*0.05, 17.72*0.05, 
20.75±0.05, 21.37r0.05, 22.96*0.05, 23.93-0 05 
25.40*0.05, and 29.05*0.05 degrees. 

5. A crystalline form of Form V 5,6-dicbloro-2- 
(isopropyJammo)-l-p-T^ribofu^ 

having substantially ibe same X-ray powder diffraction 
paitcru as FIG. 5, wberein said X-ray powder difeacboo 
patiern is obtained wjlb a dif&actometer equipped with a 
diffracted beam curved graphite roonocbrornaior using cop- 
per Ka X-radiabon. 

6. A crystalline form of 5,Miclu^o-2^i30prc^UTnino)- 
1-p-I^ribofuraDosyl-lH-benzimidazole characterised by an 
X-ray powder diffraction- pattern expressed in terms of 2 
thela angles and obiained with a diffraclomeicr equipped 
with a diffracted beam curved graphite mouocferomaior 
using copper Ka X-radiation, wberein said X-ray powder 
diffraction pattern comprises 2 tbeu angles at five or more 
positions selected from, ibe group consisting of at five or 
more of the following positions: 13.30-0.05, 18.13*0-05. 
18.78*0.05, 20-41*0.05, 21.75x0.05, 23.02r0.05 
26.87rO.Q5, 28.MiO.05, 28.55r0.05, and 30-22*0 OS 
degrees. 

7. A composition comprising an admixture of two Or more 
forms or solvates of 5j6-mciiloro-2-(isopropylainmo)-l-B- 
L-riboraranosyt-lH^n^inaidazole selected from (be group 
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consisting of Form I, Form II, eihanol solvate. Form IV, 
Form V 7 and amorphous. 

8. A composition comprising form II 5^-dichJoro-2^ 
(isopropy1amino)-l-P-I^ribx>furonosyl-lH-beo2in3ida2ole 
according to claim 1 and amorphous 5>6-dichlorc~2- 
(isoprcpylaim'no)-l-0-L-rirx> w ^ 

9. A composition comprising Form I 5^-dichJorr>2- 
(isopropylamino>l-p-l^ribofuranosyI-lH-benziraidazo]c 
bavmg substantially the same X-ray powder diflraciion 
pattern as FIG. 1 and Form V 5,6-dichloro-2- 
(isepropyIamino>l-^l^ribofu^ 

baying substantially ibe same X-ray powder ffif&aciioo 
pattern as FIQ, 5, wberein said X-ray powder diffraction 
paiiejus are obtained wiib a ffl&iciomcter equipped wiib a 
diffracted beam curved graphite monochromator using cop- 
per Ka X-radianon. 

10. The composition according to claim 9, further com- 
prising Form IV 5,6^drchlc<Ti-2-(isopfDpylamino)-l-p^ 
ritofuranosyl-lll-tenzirnidazole characterised by ihe X-ray 
powder diffraction partem expressed in terms of 2 thela 
angles and obtained with a dulraclo meter equipped with a 
diffracted beam curved graphite moDOchromator using cop- 
per Ka X-radialion, wherein said X-ray powder diffraction 
pallcm comprises 2 theta angles at five or more potions 
selected from (he group consisting of at five or more of roe 
following positions: 9.29*0.05, 16.04=0.05, 18.67*0,05. 
22.0**0.05, 22.68-0.05, 23.34t0.05, 24.40*0 05 
29.64*0.05, 30.92x0.QS, and 31.62*0-05 degrees- 

U. A process for the production of 5,6-dichloro-2- 
(isoprx>pylaoamo)-l-p-^ 

in an anhydrous crystalline form said process comprising the 
steps of: 

a) providing 5,6-dichtoro-2-(isopropylamino>-l»13-L- 
rilx>ruranosyl-lH-bcn2£mdazoIc in solution either in 
free base or sail form; 

b) isolating 5,6-dicbIoro-2-(isopropylamiDo)-l-^-L^ 
nhofurane^yl-lH^n^imidazole from the solution and 
optionally removing unbound solvent leaving ibe 5,6- 
dicUoro-2-(isopiopy Jarnino)-l -p -1^ ribofuranosy 1-1H - 
benziroidazole in substantially dry form; 

c) treating 5,6-dichlorO-2-<ispprOpylamino)-l-P-L». 
ribofiiranosyl-lH-bcnrimf«trzole with a solubihsing 
solvent serving 10 convert an amount of said optionally 
dried 5,6-dicbloro-2-(isopropylamino)^l-0-L- 
ribofuranosyMH-ben?!imidaa»lc into said 5„6- 
dichloro^2^isopropyIamn»>l-H^ribo^ 
bemnmidazole anhydrous crystalline form; and 

d) isolating said anhydrous crystalline form. 
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